The aim of this paper is to dynamically constrain the quadrupole mass moment J 2 of the main-sequence HD 209458 star. The adopted method is the confrontation between the measured orbital period of its transiting planet Osiris and a model of it. Osiris is assumed to move along an equatorial and circular orbit. Our estimate, for given values of the stellar mass M and radius R and by assuming the validity of general relativity, is J 2 = (3.5 ± 385.1) × 10 −5 . Previous fiducial evaluations based on indirect, spectroscopic measurements yielded J 2 ∼ 10 −6 : such a value is compatible with our result.
Introduction
The quadrupole mass moment J 2 is an important astrophysical stellar parameter related to the inner structure and dynamics of a star (Paternò et al. 1996; Pijpers 1998) .
In this paper we dynamically constrain the quadrupole of the mainsequence star HD 209458 from the measured orbital period P of its transiting planet HD 209458b 'Osiris' (Charbonneau et al., 2000; Henry et al., 2000) . It is the best-studied transiting planet to date, mainly due to its proximity and the resultant high apparent brightness of its parent star.
Until now, only a fiducial value J 2 = 2 × 10 −6 by Miralda-Escudé (2002), based on spectroscopic measurements of rotational velocity (Queloz et al. 2000) , exists for HD 209458. Also Winn et al. (2005) assumed J 2 ∼ 10 −6 . More generally, Miralda-Escudé (2002) investigated the possibility of dynamically measuring the quadrupole of a star from the node and periastron precessions of a transiting planet which cause a time variation of the duration of a transit; the periastron precession also induces a variation of the transit period. Such orbital perturbations should be measured from an accurate photometric analysis of the light-curve of the transiting planet, but, until now, such a proposed strategy has not yet been implemented. Winn et al. (2005) pointed out that, for J 2 ∼ 10 −6 , the quadrupole node precession would amount to about 4 arcseconds per year; measuring such an effect would require high-precision photometry spanning several years (Winn et al. 2005 ).
The use of the orbital period of Osiris
The Newtonian gravitational potential U of an oblate star of mass M and equatorial radius R can be written as
where θ is the co-latitude angle. For the orbital period of a planet of mass m in a circular and equatorial (θ = π/2) orbit of radius a eq. (1) yields
In fact, in addition to eq. (2), there is also a post-Newtonian, general relativistic part (Soffel 1989; Mashhoon et al. 2001; Iorio 2005; to be added; for circular orbits and m ≪ M (see Section A) it is
where c is the speed of light in vacuum, so that
In the case of Osiris, eq. (2) (4) to the measured period P (meas) , determined in a purely phenomenologically way from combined photometric transit and spectroscopic radial velocity techniques, independent of any gravitation theory, and solving for J 2
By using eq. (5) and the system parameters derived for M = 1.07M ⊙ and R = 1.137R ⊙ and P (meas) = 3.52474554 d (Wittenmyer et al. 2005) , we obtain
It must be noted that the obtained result is free from any a priori, 'imprinting' effect by J 2 itself. Indeed, M and R are kept fixed, and a, determined from 1
which is independent of any model of the orbital period, is not affected by J 2 over timescales longer than one full orbital revolution. Let us now evaluate the uncertainty in J 2 as
For the same values of M and R as before and δP (meas) = 0.016 s (Wittenmyer et al. 2005) we have
δP (meas) = 5 × 10 −6 . 
Thus, we can state that the model-dependence of our estimate amounts to 5 × 10 −6 , so that a conservative estimate of the total uncertainty in J 2 is
3 Discussion and conclusions
In this paper we dynamically constrained the quadrupole mass moment J 2 of the HD 209458 star from the orbital period P of its transiting planet Osiris, assumed to be in a circular and equatorial orbit. Its measured value−determined in a phenomenological way, independent of any gravitational theory−was compared to an analytical model including the Newtonian part, constituted by the usual Keplerian component and the term induced by J 2 , and the post-Newtonian, general relativistic correction. The inclusion of the latter term, which is of the order of 0.1 s, is motivated by the ∼ 0.01 s level of accuracy reached in measuring P . By keeping the stellar mass M and radius R fixed to values within a range determined from stellar evolution models and temperature/luminosity measurements, by assuming that general relativity is valid in the HD 209458 system as well and that Osiris is the only planet affecting the motion of its parent star in a detectable way, we obtain J 2 = (3.5 ± 385.1) × 10 −5 . While the uncertainty due to the error in the orbital period amounts to ∼ 10 −6 only, the Osiris' mass and semimajor axis boost the total bias to ∼ 10 −3 . Previous fiducial evaluations based on indirect, spectroscopic measurements giving J 2 ∼ 10 −6 are compatible with our result. In order to make easier a comparison with our results, in Table 1 we quote the numerical values used for the relevant constants entering the calculation. A The post-Newtonian correction to the orbital period
In fact, the post-Newtonian gravito-electric correction to the orbital period does depend on both the eccentricity e and the initial value of the true anomaly f 0 according to
with (Soffel 1989; Mashhoon et al. 2001 )
and
Depending on e and ν, F -and P (PN) -vanishes for those values of f 0 which satisfy the relation
it may also happen that the absolute value of the right-hand-side of eq. (15) is larger than 1, so that P (PN) = 0. In the case of the HD 209458 system, ν ∼ 10 −4 ; recent refinements in the Osiris ephemerides yields e ≤ 0.023 (Laughlin et al. 2005) , so that 
F never vanishes, ranging from 0.90 to 1.09. Thus, the difference between the maximum and the minimum values of P (PN) is 0.019 s at the most: it just lies at the edge of the precision with which the orbital period is known, i.e. 0.016 s (Wittenmyer et al. 2005 ) and 0.033 s (Knutson et al. 2006) , so that we can approximate F to unity.
